LEGIBILITY NOTICE

A mgjor purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
staie and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1




LA-UR -89-3041 COM{- 490k27) % - -/

Los Alamos National Laburatory 1s operated by the University of Cahlormia for the United States Dcpaumor_\_| ot E_nergy under contract W-7405-ENG-36

LA-UR--89-3041
DE90 000602

nTLe QUALIFICATION OF DIODE FOIL MATERTALS FOR EXCIMER LASERS

AUTHOR(S) ANDERSON, R.G.
SHURTER, R.P.
ROSE, E.A.

SUBMITTED TO  JEEE 7th Pulsed Power Conference, Monterey, California, 1989

DISCLAIMER

Thia report was prepared as an acvount of work sponsared by un agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employces, makes any warranty, eapress or implied, or assumes any legal lisbility of responmsi-
hility for the accurucy, connpletenens, or usefulness of any information, upparatus, product, or
provess disclosed, or represents that its use would not infringe privately owned rnights. Rejer-
ence herein to any specific commercial preduct, process, or service hy trade name. trademark,
manufacturer. or otherwine daes mt necessarily constitute or impiy s endorsement, recom-
mendation, ur favoring by the United States Government or any sgency theicol The views
and oprmions of authors exprensed herein do not necensarly state or reflect those of the
United Ntates Government or any agency thereof

Hy ecapbarce al the petic i the pobil-aher racagnges 1t at the 1) S Governmen| telineg g none e lusivn royalty tree Leanae o pubhish or raproduce

o puibintied foe e o Has g cnlohabion o toabow athees o do so o 1S Qovernment porpoass

The Lo samas Habanal Cabotalory tegueats that the pubhshar dantly 1his arbole as work partormed under (he auspens of iha 1) S Dapanment of | nergy

| "ACTFR
_0S AIBINMNOS Leamos NatoralLaboraiory

, }
. USTRIBUTION 8% THIS noCuMFNT 1S UM n

MO R A


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


QUALIFICATION OF DIODE FOIL'MA1? KIALS FUR EXCIMER LASERS

R. Q. Anderson, R, P. Shunter, E. A. Rose
L.os Alamos National Laboratory
Los Alamos, New Mexico

The Aurora facility nt Los Alamos National Laboratory uses KrF
excimer lasers 10 produce 2.8 nm light for inenial confinement fusion
applications. Diodes in each amplifier produce relativistic electron
bewms to pump a Kr-1:-Ar gas mixture. A foil is necessary to separate
the vacuum diode from the luser gas.

Hightensile strength, high electron transmission, low ultraviolet reflec-

tivity, and chemical compatibility with fluorine huve been identificd as
requisite foil propertics. Several different materinls were acquired and
tested for use s diode foils. Transmission and Muotine compatibility
Jlests were performed using the Electron Gun Test Facility (EGQ'TF) at
‘Los Alamos.  Off-line tests of tensile strength and reflectivity were
Jperfonned.

(Titunium foil, which is commonly used as a dicde foil, was found 10
[generate solid and gascous fluoride compounds, some of which are
ighly reactive in contnct with waler vapor.

[This work was supporied by the L.os Alamos National Laboratory and
the U, S. Department of Energy under contract W-7405-1ENG-36.

Introduction

The Aurora facility [ 1), [2; at Los Alamos National Luboratory uses
Krl* excimer lasers to produce 248 min light for inertinl confinement
fusion appi..ations. ‘The final amplifier is a 10 kJ cluss device. The
Iur’sc amplifiers at Aurora have square laser bear apertures 20, 40, ond
100 cm on a side. They are pumped with relativistic electron beams
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(600 10 700 kV, 650 ns pulse lengths). This method of pumping the
gas avoids the nonuniformities inherent with Licge, electric discharpe
lasers. However, a foil is required 1o nct as a barrier between the
vacuum of the electron beam producing diode and the gas of the laser
cavily, typically at 600 to 900 Torr pressure,

The diode foil must have several properties to be compatible with its
use in a Kil’ excimer laser. We have identificd und begun preliminary
studies on four propenties: high tensile strength, high electron ransmis-
sion, fluorine computibility, and low uliraviolet reflectivity. Each
property is discussed in its own section below.

Our research into diode fuily ia part of an effont to improve upon the
efficiency of transport of the clectrons from the diode into the laser gas.
All of the lurge amplifiers of Aurora require a foil support structure,
commonly referred to as a “hibachi." This structure intersects a
fiaction of the electrons and prevents it from pumping the laser Jm.
We hnve determined that size reduction of this structure would be
beneficin’, specifically reducing the depth and count of ribs. A reduc-
tion in 1ib count requires higher sirength foils than those now fielded
t span the larger gops between riba [3]. ‘The ultimnte advance in
foilhibachi design is the elimination of the hibachi in favor of a single
self-supporting foil which spans the full diode aperture.

Table 1 lists the foil types tested.

‘lensile Strengtl

A high tensile sirength foil Is required to withstand the pressure
differentinl between the gus in the Inser cavity and the vacuum in the
ditxle, typically 600 to 900 Torr. ‘Ihe foil must also be able to survive
the shuck loading caused by the rapidly heated gas immediately fol-
lowing the electron-beam pumping. ‘This pressure rise in typically 400
10 600 Torr. A further reqquitemient Is that the foll not bow s |||||ncn||||{.
‘The allowed bowing distance is typically a few centlineters and 13
highly dinde specific,

Tensile strength ix a measute of the ultimate sirength a marerial will
withstand under tension betore it fractures. The nxxdulus of elnsticity
determines the amount of plastie deformation a muterinl will ex
perience under a lowd. The ldeal foll would have o high tensile suength
w*wd & high modulus of elasticity. Candidate foils were tested in a fixtute
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4 b O
which applied a measured hydrostatic pressure to the foil mounted

i
a mock-up of asingle hibachi opening. Failuie pressures were recordet
for each foil, and are graphed in Figure 1. Foils were tesied as received!
from the fabricator. Follow-up tests are olanned for foils exposed o
clectron beams in the presence of fluorine-containing laser gas.

h]!.!-luzn 'l‘[."l:."li 9 .”!u

The ideal foil would transmit all ¢lectrons incident upon it with no
enerpy loss or angular scatteri. g, Then all the energy of the electron
pump beam would be available to the laser gas and the range of the
clectrons across the gas would not be degrided.  However, electron
loss, encrgy loss, and angular scatiering do ke place in foils, Our
progrim ipvestigited, in a qualitaitive manner, the transmission ef-
ficiency of candidate foils as a first attempt at discovering foils witk
promise,

toils were characterized for electron tansmission using the Electron
Gun Test Facility (EGTE)Y at Los Alamos. ‘The EGTE is capable ol
producing microsecond duration electron beams in the 200 to 400 kV
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nergy range.  Current density is variable (tens of amps per square’

I-oils weie mounted in a fixture in the vacuum volume as shown in
Figure 2. "The electron beim passed throagh a Rogowski coil, the foil,
an aperture, another Rogowski coil, and was intercepted by s Farnduny
sup with a graphite collector. The electron beam current was measured
with and witout foils, and the results were compared. A mtio of the
current with foil 1o the current without foil was taken as the figure of
merit for electron transmission of a particular foil. The ratio was only
a rough measure of the foil transmission, however, since a portion of
the scatiered beam was not collected by the Faraday cup.

Figure 3 shows this "figure of merit” for beam transmission for various
toils,

Electron ransmission figures do not, by themselves, determine
whether a foil material transmits electrons efteciively for laser gas
pumping. Lnergy loss in the [0l limits pumping etticiency, and anguiar
scatlering in the foil limits the range of the electrons across the laser
cavity, Inergy loss can be estinited from ‘Tables [4] or calculated with
A Monte Carlo code. Moliere scattering calculations [ 5] can be used to
estimate angular scattering. Low atomic number and low density yield
toil materials with low energy loss and angular scatterang.

Eluetine Compatibility

)Comprtibility of the foil with Nuorine gas is essential for use in the Kr¥
excimer lasers. ‘The foil must retain irs integrity under exposure to
Nuoine gas at concentrations o Jess than 1% at lnser operating
pressures, and the foil must also not degrade snder eleciron bombard-
ment and subsequent mtack by the electron-beam exposed laser gos.
IAnother required property is that the foil not generate products which
act as laser poisons or attack optical components.

|

h-‘.(.i'l'l-' was used to investigate foil propertics under fluorine attack
(Iigue 4). Candidute foils were mounted in the single opening hibachi
flixture mentioned above, nnd u test cell was mounted and filled with
ain 800 Torr laser gas mixture of 0.5% fluorine/99.5% argon. ‘The foil
wits exposed to n IS0 kV, 60 ns, 20 A em? clectron beam, Sumples
of gas were withdrawn for analysis belore electron beam exposure nad
alter every five shots during the 15 shot . ‘The samples were
Jnalyzed with infrared and ultraviolet spectroscopy.
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Coaungs taced the laser gas mixture. Four foils were tested: 2-mil

titanium, © umf titiniam with 1-micron gold coating, 2-mil titanium
with 1.micron copper coating, and 2-mil Kapton with 1-micron copper
coating. (Gold and copper coatirgs were applied with a vacuum vapor
deposition technique. )

The results of the analysis showed trace quantities of CF4 in all samples
due to fluonine reaction with hydrocarbon solvents and greases, There
were also trace quantities of CO2 in all sainples, which most likely
evolved from the elastomer o-rings in the test cell.

Ar: HeNe laser was used to detect particulates gencrated by the foil and
suspended in the laser gas. Collected particulates were analyzed with
X ray photoelectron spectroscopy (XPS).

Titanium foil without acoating generates a white powder when exposed
1o nn electron berm in the presence of 0.5% fluorine. The powder is
observed to form as a sucpension in the flucrine/argon gns mixwre.
‘The powder collects on surfaces and, upon exposure to air, becomes a
clear, sticky fuid. When placed in vacuum, it retums to a while, solid
form. Qur hypothesis is that TiOQ3 is vaporized from the foil surface,
reacts with Huorine gas 1o form Til’4, and condenses to produce a
powder, ‘The liquid, forned upon exposure to air, is a hydrated form,
The liquid has been observed to etch optical compoenents upon which
it was smeared.

Uliraviolet Refectivity

Foils with low reflectivity in the ultraviolet nre desirable 1o minimize '
&:\rusilics and wimplified-spontaneous-emission (ASL) effects within!

i laser amplifier cavities. High reflectivity foils nct as mirrors and
promote lasing mixdes which can compete with the incident laser beam
forenergy nnd can also produce optical commponent damage.

'Candhdate Toils materials were tested for UV reflectivity with a Cary
IModet 2300 double pass analyzer (Figure 5). Samples were prepared
by vapor deposition of one micron o1 foil material on a sapphire
‘substrate. “Phis deposition technique provided a more uniform surface
quality for all samples and allowed decoupling of the reflectivity
measurement from the peculiarities of fabrication of particular foils,
The samples were illuminated with a varinble wavelength, specular
light source in o double pass contigurntion  Reflectivity of samples
was compivced with o calibrated sluminum reference to get an abgolute
reflectivity.

Figure 6 shows the iesults of the reflectivity mensurements. Snmples
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wele exposed to O35 Huonme/H9 8% argon at 600 Ton for eiphieen
hows to approximae the conditions found in the laser amplifier,
Reflectivity imeasutements were minde at wavelengths tiom 220 to 30
ni. Lhe data shown in Figure S is for 248 nmoKal).

gt ¥ Conclusion .
We have begun a program at Los Alamos National Laborutory to
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Kevelop foils for use in electron-beam pumped Krli excimer lasers.
Several techniques have been applied 10 the task of diagnosing foil
strength, electron transmission, UV reflectivity, and fluorine com-
patibility. ‘These techniques will be refined in the future to gencrate
[ata that is more quantitative in nature.

We are particularly interested in pursuing the development of com-
pusite foils, which use low-atomic-mass, high-tensile-strength graphite
ibers. ‘The ability to vapor deposi’ thin layets of fluorine-compatible,
ow UV reflectance metals allows o wider choice of base foil materials
hnd, in particular, allows continued use of titanium foils.

In the short term, the capabilitics of this foil development progrim an»
being applied to the Aurora project. “Titanium foils are being replnced
with more fluorine-compatible materiais.  Stronger foils are being
developed 1o allow the installation of more transmissive hibachi struc-
tures. ‘This will incrense the efficiency of electron-beam pumping of
the Krk excimer luser nmplifiers.

In the Jong term, the ioil development program will facilitate desigh of
the next generution of large, elficient Krk¥ luscrs for inertial confine-
ment fusion applications.
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